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Detailed Action 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 

Claims 1-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Chapman et al. (6,875,543) in view of Han et al. (US 2004/0091789 A1). 

The claimed invention is directed to a structure and method comprising: providing 
a substrate, said substrate comprising a first region and a second region; forming a 
multilayer mirror over said substrate; forming a phase-shifter layer over said multilayer 
mirror; forming a capping layer over said phase-shifter layer; removing said capping 
layer and said phase-shifter layer in said second region; illuminating said first region 
and said second region with EUV light; and reflecting said EUV light off said first region 
and said second region. 

And wherein said phase-shifter layer comprises molybdenum, and said capping 
layer comprises silicon nitride or carbon. 

The applicant discusses the limitations of the prior art in that with the future, the 
direction of exposure wavelength will be to even shorter wavelengths, including extreme 
ultraviolet or EUV light. However, the EUV optics have lower NA than the DUV optics 
that are currently in use so RETs may have to be employed. Thus, what is needed is a 
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phase-shifting mask for EUV photolithography and a method of forming such a phase- 
shifting mask for EUV photolithography. 

Chapman et al. teach a method for fabricating a phase shifting mask for EUV 
lithography, wherein said mask comprises a substrate with a reflective multilayer 
coating attached thereto, the method comprising directly etching material away from 
said multilayer coating to produce a desired refractive phase shift in said mask, wherein 
the multilayer coating that was under the portion that was etched away is unchanged, 
wherein said desired phase change is equal to 4.pi.(1-n)h/.lambda., where h is the 
mount of material etched from the multilayer, n is the average refractive index of the 
multilayer and lambda is the wavelength of light to be reflected. 

And wherein the step of directly etching is carried out with an energy source 
selected from the group consisting of an ion beam, a laser beam, an atomic beam and 
an electron beam. 

And wherein a desired pattern to be etched into the multilayer is transferred from 
a developed resist pattern on the multilayer surface by reactive ion etching. 

And further comprising controlling the etching depth produced by the step of 
directly etching. 

The teachings of Chapman et al. differ from those of the applicant in that the 
applicant teaches the use of a capping layer over said phase-shifter layer. 

Han et al. teach a reflective mask useful for transferring a pattern to a 
semiconductor substrate comprising: a mask substrate; a lower multilayer reflective 
stack formed over the mask substrate; an etch stop layer formed on the lower 



Application/Control Number: 1 0/750, 1 22 Page 4 

Art Unit: 1756 

multilayer reflective stack; an upper multilayer reflective stack formed over the etch 
stop layer; and an opening formed through the upper multilayer reflective stack and 
exposing the etch stop layer. 

And further comprising an absorber layer formed over the etch stop layer within 
the opening. 

And wherein the opening corresponds to a dark region; areas of the upper 
multilayer reflective stack adjacent the opening correspond to bright regions; the upper 
multilayer reflective stack defines a top plane of the reflective mask; and the thickness 
of the absorber layer is chosen so that reflection of EUV radiation at the top plane within 
the opening is 3-20 percent of reflection of EUV radiation at the top plane within the 
upper multilayer reflective stack. 

And wherein the lower and upper multilayer reflective stacks each comprise 
periods of alternating layers of different materials, and wherein a number of periods for 
each of the lower and upper multilayer reflective stack is determined, at least in part, by 
a requirement that EUV radiation reflected in the dark region is approximately 180 
degree out of phase with respect to EUV radiation reflected in the bright region. 

Han et al. also teach that it is preferable that the materials chosen for the upper 
reflective stack 22 are more easily etched than those of the bottom reflective stack 14, if 
different materials are used for the upper reflective stack 22 and the lower reflective 
stack 14. In addition, a capping layer can optionally be formed over the upper reflective 
stack 22 to protect the materials in the upper reflective stack 22 against oxidation. 
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It would have been obvious to one having ordinary skill in the art to take the 
teachings of Chapman et al. and combine them with the teachings of Han et al. in 
order to make the claimed invention because it would have been obvious to one to use 
a capping layer for more precision masks such as the EUV mask, because it is known in 
the art to use a capping layer for protection as taught by Han et al. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
Examiner should be directed to Stephen Rosasco whose telephone number is (571) 
272-1389. The Examiner can normally be reached Monday-Friday, from 8:00 AM to 
4:30 PM. The Examiner's supervisor, Mark Huff, can be reached on (571) 272-1385. 
The fax phone number for the organization where this application or proceeding is 
assigned is (571) 273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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